A theoretical study of the reflection of focused acoustic beams from a fluid-solid interface is presented. The incident field is defined by a Gaussian velocity distribution along a plane emitter. The reflected field is described through its pressure field in a region not restricted to the interface. Nonspecular phenomena were exhibited at any angle of incidence by means of short wave asymptotic analysis. In particular, for incidence near the Rayleigh angle, a distortion of a part of the caustic of the reflected beam including lateral and axial displacements of the focal point is observed.
INTRODUCTION
Experimental studies • on the reflection of a bounded acoustic beam incident on a plane water-metal interface have shown that, for incidence at or near the Rayleigh angle, the reflected profile exhibits an unexpectedly large width, a silent or minimum intensity zone, and a lateral shift of the maximum intensity. The general features of the phenomenon have been described by Bertoni and Tamir 2 in 1973, as the result of the superposition of two parts: the usual geometric reflected beam and the acoustic field generated by reradiation of the leaky Rayleigh wave. Numerical calculation 3 of the reflected beam profiles yield similar results and an extension of the theory has been proposed by Rousseau and 
Gatignol. 4
The interest in use of ultrasonic focused beams for NDE applications, particularly in the case of the reflection acoustic microscope, has led to many recent studies on the reflection of focused beams. In 1985, Bertoni et al? studied the reflection of convergent beams on a liquid-solid interface at the Rayleigh angle incidence using the hypothesis of a wellcollimated beam. They obtained the position of the focal point of the reflected beam and predicted both lateral and axial displacements, using an approximation for the reflected acoustic field. In 1986, Nagy et alfi verified the axial displacement by means of schlieren photography. The developed model s has a number of advantages (simplicity and amenability to analytical solution), but is difficult to apply in its present form to beams having more pronounced convergence, and at angles of incidence other than the Rayleigh angle. Further, in the model there is no notion of the caustic of the incident or reflected beams; the only information about the modified reflected field is the displacement of the focal point.
In this paper, we extend the previous theories 2's to include the following.
(1) The incident beam is now defined by its normal velocity distribution along a plane emitter placed in the fluid and introduce the notion of the caustic of the acoustic beam.
(2) Initially, an asymptotic evaluation of the reflected pressure field was obtained for any angle of incidence, in particular for the Rayleigh angle, using short wave assumptions by means of a steepest descent procedure. 7's We observed that for incidence near the Rayleigh angle where the phase of the reflection coefficient varies abruptly, contrary to the case of bounded beams, n this asymptotic method is not applicable. The physical significance of this observation is the following: the presence of the Rayleigh pole of the reflection coefficient (singularity in the complex plane relative to a generalized Rayleigh wave), does not affect the reflected beam; i.e., the reradiation of a leaky Rayleigh wave in the fluid medium (which is the cause of nonspecular reflection of a parallel beam) is very low.
(3) Finally, an asymptotic evaluation of the reflected field was obtained by means of the stationary phase method TM applied to the Fourier representations. This allows one to explore the reflected pressure in a region that is not limited to the interface alone, and thus obtain a spatial representation of the reflected beam. (5) The nonspecular reflection of a focused beam due to the generation of the Rayleigh wave occurs for any angle of incidence. For incidence near the Rayleigh angle, the whole acoustic axis and a part of the caustic are distorted, including axial and lateral displacements of the focal point; for another incidence, a different part of the reflected beam would be modified.
I. THE GAUSSIAN FOCUSED MODEL

A. Definition of the problem
In order to describe the nonspecular reflection of focused acoustic beams incident on plane fluid-solid interfaces, we assume that the incident field is given by a Gaussian distribution of the normal velocity along the plane of the emitter and that the characteristic width of the beam is large compared to the emission wavelength (short wave hypothesis). Thus, the pressure field can be described by means of a Fourier representation; the asymptotic evaluation of the Fourier integral is obtained about the Rayleigh singularity.
Let us consider the configuration of In order to evaluate analytically the integral (3) we need to express the reflected field in the (x',z') coordinate system where Eq. (9) For this point, the acoustic pressure field will be modified relative to its geometric value. This case corresponds to a physical point inside the focal zone of the nonspecular refießted field. This point is defined by only two (or one) specular rays, and one (or two) nonspecular ray (s). This is a point of singularity of order 2 (or order 1 ). We call this point "impure" as opposed to the definition of the "pure" point.
In the case of an impure point, the corresponding acoustic pressure will be modified relative to its geometric value.
Remark: The expressions (23) and (25) 
In order to evaluate the expressio•ns (23) and (25) we have to calculate the stationary points •/•o as a function of•/•;
this is discussed in the following section.
B. Study of stationary points
In the case of the reflection of a focused beam at a plane interface in the neighborhood of the Rayleigh angle of incidence, the generation of a Rayleigh wave causes a small displacement of the stationary points of the specular beam (i.e., a small displacement of the geometrical reflected rays). The two complex roots situated far from this area, will not be displaced and thus will not become real. The point M 2 corresponds to a ray with an incidence near the Rayleigh angle. This point can change its physical nature. The position of the roots in the complex plane is shown in Fig. 5 (c) .
In a given
In this case, the two complex roots situated near the area of the Rayleigh influence, can be slightly displaced and become real. This will result in a distortion of the caustic of the reflected beam. The caustic will be displaced to the right (see Fig. 9 ). A curvature in the acoustic axis is thus observed.
In region I (where the point M• is situated) the gradient of the acoustic pressure would be lower than its geometrical value. In region II (where the point M 2 is situated) the gradient of the acoustic pressure would be greater than its geometrical value. Thus we observe an asymmetric variation of the reflected pressure field around the axis. A part of the caustic situated far from the focal point will be modified. We note that the focal point (three stationary points equal to zero) is not of concern here because of the general assumption (b) of an incidence far from the Rayleigh angle (i.e., •:n. is far from zero).
III. CONCLUSIONS
In this paper we have studied the structure of the acous- 
